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ABSTRACT 
High quality digital image can be produced and stored with cost effective embedded system, thanks to 
advancement of low power digital camera and hardware accelerated high definition video image compression System-on-
Chip. Image recorded with these multi-megapixel digital cameras allowed the world to be digitized more accurately 
(compared with conventional VGA camera with low resolution) and hence enable the use of single image as the metrology 
tool. Using the single view geometry techniques (planar homography, vanishing points and vanishing lines) widely 
accepted by the community, the suitability of applying these techniques with error reduced for road surveying is studied 
and reported in this work. 
 
Keywords:  planar homography, homogenous estimation method, singular value decomposition, single view height measurement, single 
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INTRODUCTION 
The cost of megapixel digital camera has dropped 
significantly along with the flourish of low cost 
smartphone in the market. The size of the object inside a 
taken image (single view) can be measured up to a scale, 
with respect to a reference object in the image, if the 
actual size/metric of the reference object is not known. 
With some known geometry information, e.g. the object is 
standing perpendicular to the floor or plane to plane 
transformation between camera image plane with respect 
to a plane in the image [1], the size of the object can then 
be measured in metric. A pre-calibrated camera mounting 
rigidly on the rooftop of a survey vehicle, with proper pre-
calibration and the use of single view geometry, will allow 
the road survey team to collect and measure the road 
geometry (e.g. width of lane, the horizontal measurement) 
as well as roadside inventory (e.g. height of the sign board, 
the vertical measurement) [2] with cost effective digital 
camera.  
The content of this paper is organized as follow. 
The single view geometry method used by the 
photogrammetry community to produce accurate 
horizontal and vertical measurement is firstly reviewed in 
Section 2 and Section 3, respectively. Using the 
implemented single view geometry method, outdoor image 
is captured by the camera mounted on the rooftop of the 
survey vehicle, the result of measurements are reported 
and discussed in Section 4. The suitability of applying 
single view geometry for road survey study is then 
summarized at the end of this paper. 
 
HORIZONTAL OBJECT MEASUREMENT WITH 
HOMOGENOUS ESTIMATION METHOD AND 
SINGULAR VALUE DECOMPOSITON (SVD) 
The image produced by a pin-hole camera can be 
modelled as the projection of object in 3D world into a 2D 
image plane. The projection of a planar object (e.g. the 
road surface) in 3D world into the 2D image plane can be 
described by a planar homography � [3] (matrix with 
dimension 3x3) as 
 [ݑݒͳ]⏟≔௠ = [
hଵଵ hଵଶ hଵଷhଶଵ hଶଶ hଶଷhଷଵ hଷଶ hଷଷ]⏟          ≔� [
ܻܺͳ]⏟≔�        (1) 
 
where m is the pixel coordinate on the camera 
image plane and M is the grid coordinate of the 3D planar 
object [4]. 
From (2), each image to world point 
correspondence provides two equations which are linear in 
the 2 matrix elements. 
 ℎଵଵݑ + ℎଵଶݒ + ℎଵଷ = ℎଷଵݔܺ + ℎଷଶݕܺ + ℎଷଷܺ  ℎଶଵݑ + ℎଶଶݒ + ℎଶଷ = ℎଷଵݔܻ + ℎଷଶݕܻ + ℎଷଷܻ     (2) 
 
For n correspondences a system of 2n equations, 
F2nx9, is obtained (see equation 3). If n = 4, then an exact 
solution is obtained. Otherwise, if n > 4, the matrix is over 
determined and the solution can be estimated by a suitable 
minimization scheme. The solution, planar homography 
describing the plane to plane projection, can be resolved 
up to the scale factor by employing the concept of least 
square error [5] as 
 
     (3) 
where �ܺ and �ܻ is the grid coordinate of the 3D 
planar object and ݑ′� and ݒ′� is the image pixel coordinate 
of the 2D image plane of correspondence i. 
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If � > 4, the unknowns found from the number of 
correspondences, � will be more than 8. Therefore, SVD is 
applied to decompose A into three matrices, ܷ�ܸ�    
 ��� = � = ܷ�ܸ�         (4) 
 
The diagonal entries of the diagonal matrix D, ��, 
are known as the singular values of � [6].   
The eigenvector that is corresponding to the 
minimum eigenvalue located on � will be the optimized 
solution of the system. With large amount of 
correspondences will provide higher accuracy of �. 
Once the value of planar homography is resolved, 
the distance between any two points ([Xp1, Yp1],[ Xp2, Yp2]) 
lying on the 2D image plane can be measured as  
 ݀ =  √ሺܺ�ͳ –  ܺ�ʹሻଶ  + ሺܻ�ͳ –  ܻ�ʹሻଶ       (5) 
 
From (1), where 
 [ܺ���ܻ�ͳ ] = [hଵଵ hଵଶ hଵଷhଶଵ hଶଶ hଶଷhଷଵ hଷଶ hଷଷ]
−ଵ [ݑ��ݒ��ͳ ]       (6) 
 
Single view height measurement with different number 
of reference objects 
The height of an object, the distance representing 
the top and bottom of an object perpendicular to the floor, 
can be measured with using only one image as proposed 
by A. Criminisis in his work [7]. The method proposed by 
A. Criminisis required the use of multiple vanishing points 
and vanishing line, derived from the real-world geometry 
information in the image, to firstly define the floor where 
the object is standing (see Figure-1). The ability to 
accurately determine the vanishing point and vanishing 
line directly affect the result and error of the 
height/vertical measurement. 
 
 
Figure-1. The corners (orange dots, c1 to c4), representing 
a plan on the foor, is used to find the vanishing points 
(green dots) and the vanishing line, � (red line). 
 
The vanishing point or line can be determined by 
using cross product:  
 
       (7) 
 
The cross product of two coordinates, ܿ on the 
grid will form a line. These lines will have vanishing 
points, ݒ௡ and the line (red line in Figure-1) passes 
through both the ݒ௡ called vanishing line.  
In the single view height measurement [8], each 
of the objects with known height can be used as the 
reference height, ܼ௥௡ to help determine the scale factor 
ratio, α before the height of the target object (distance 
between tz and bz) is measured. The height of the target 
object measured under the help of the vertical vanishing 
point, ݒ�  which is the intersection point for the dotted lines 
formed by ሺܾ௥௡  ×  ݐ௥௡ሻ × ሺܾ�  ×  ݐ�ሻ as shown in Figure-2. 
 
 
Figure-2. The top point (ݐ௥௡) and the bottom point (ܾ௥௡) 
of the reference object (yellow or green cylinder) forming 
a line (dotted line) which is parallel with the line formed 
by the ݐ� and ܾ� for the target (red cylinder). 
 
For the height measurement with one reference 
object, α can be determined with equation: 
 � = − ‖��× ௧�‖��ሺ௟�∙��ሻ‖��×௧�‖                   (8) 
 
After α is determined, the height of the target 
object, ܼ�, can be estimated with (9): 
 ܼ� = − ‖��× ௧�‖�ሺ௟�∙��ሻ‖��×௧�‖                    (9) 
 
The height of the target object can be estimated 
more accurately with the use of multi reference objects 
with known height [7]. Re-arranging (8) 
 � ܼ௥௡ሺ�� ∙ ܾ௥௡ሻ‖ݒ� × ݐ௥௡‖ = −‖ܾ௥௡ × ݐ௥௡‖    (10) 
 
With n reference objects with known height in the 
image, a � × ʹ matrix, � will be: 
 � =  [ܼ௥ଵሺ�� ∙ ܾ௥ଵሻ‖ݒ� × ݐ௥ଵ‖ ‖ܾ௥ଵ × ݐ௥ଵ‖⋮ ⋮ܼ௥௡ሺ�� ∙ ܾ௥௡ሻ‖ݒ� × ݐ௥௡‖ ‖ܾ௥௡ × ݐ௥௡‖]   (11) 
 
where � is the number of reference height. 
 
Vanishing point 1, v1 
Vanishing point 2, v2 
C1 
C2 
C3 
C4 
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For � = ͳ, then �ݏ = 0 where ݏ =  ሺݏଵ ݏଶሻ� is a 
homogeneous 2-vector and  
 � =  ௦భ௦మ        (12) 
 
For case � > ͳ, the solution ݏ can be determined 
by finding the eigenvector that is corresponding to the 
minimum eigenvalue of ��. The � estimated with multiple 
reference objects can be determined by (12). 
 
EXPERIMENTAL RESULTS 
Using the methods as discussed in Section 3, an 
outdoor experiment is setup to validate the implemented 
horizontal and vertical measurement system. A camera is 
mounted on the rooftop of a survey vehicle with the 
camera focus plane around 10 meters from the camera (see 
Figure-3). The obtained results are discussed in the 
following section. 
 
Figure-3. The distance of the measured region is 10 
meters from the camera setup on the road survey vehicle 
and the height of the camera from the ground plane is 
1.45m 
 
Results for horizontal measurement 
Horizontal object measurement had been taken 
after the camera calibration method with the ͵ × ͵ grid 
created by connects 24 pipes together. All the 24 pipes had 
been labelled with number from 1 to 24 and each of them 
is 1.20m. (see Figure-4 and 5).   
 
 
 
Figure-4. The combination of the pipes form a 3 x 3 grid. 
 
 
 
Figure-5. The pipes labelled from 1 to 24. 
 
Table-1.The length of the pipes estimated for the accuracy 
study of the system. 
 
 
 
 
 
Figure-6. Length of pipe measured for each pipe (the red 
horizontal straight line represents the mean value = 
1.206m and the standard deviation = 0.012m). 
 
Observation: The average of the output obtained 
is 1.206 ± 0.012m. Compared with the actual length of the 
pipe, the difference of the mean value optimized to the 
error of 0.006m (0.5%). It shows that the implemented 
horizontal measurement method can be used to provide 
accurate horizontal measurement.  
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Results for single view height measurement 
For the single view height measurement, three 
objects (0.33m height, 0.20m width) had been set up as 
shown in Figure-7. The left hand edge and right hand edge 
of each of the objects is labeled (a, b, c, d, e, f) and 
measured (see Appendix A for the selected image 
coordinates to produce the measurement). The location of 
the reference object with respect to the result of 
measurement is firstly discussed. The number of reference 
objects with respect to the accuracy of the measurement is 
discussed at the end of this section.  
 
 
 
Figure-7. Experiment setup (3 objects, 0.33m height, 
0.20m width) for vertical measurement. The distance 
between edge a and f is 3.75m. 
 
Effect of the location of the reference object with 
respect to the result of measurement 
The results of single reference height 
measurement with the labeled edges are shown in Table-2. 
It is obvious that the accuracy of height measurement 
decrease with respect to the increasing of the distance of 
the target from reference object (e.g. for target edge f, 
more error is reported when the left most edges are used as 
the reference edge). 
 
Table-2. Height measurement (Edge a, b, c, d, e, f, 0.33 
meter) with only single reference object. 
 
 
 
Effect of the multiple reference objects used with 
respect to the accuracy of the measurement 
The second experiment is conducted by using up 
to four reference edges to measure the height of the target 
edge. Edges for the other two objects, beside the target 
object, will be used as the reference heights for the 
measurement (e.g., edge c, d, e and f are used as the 
references height to measure edge b. The measurement 
result, with respect to the number of reference object 
height used is shown in Table-3.  
 
Table-3. The measurement with multiple reference 
objects. 
 
 
where Std is standard deviation.  
 
 
 
Figure-8. More measurement error is observed when 
using only 1 reference (blue) with respect to multiple 
references. The red straight line show the actual height of 
the boxes 0.33m. 
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Observation: From Figure-8 and Table-3, the 
measurement result become more accurate, closer to the 
actual height of the object, with the increasing number of 
reference heights used. Four reference heights produced a 
result with mean 0.3262±0.0162m (purple line, least 
flacutation) and 0.3218±0.0211m (blue line, bigger 
flacuating around the actual height of the measurement 
object) is produced when only one reference height is 
used. 
 
CONCLUSIONS 
The feasibility of performing horizontal and 
vertical measurement with single view geometry for road 
surveying is studied in this paper. Experiments were 
conducted by placing the calibration objects around 10 
meters in front of the camera mounted at the rooftop of the 
survey vehicle. The reported accuracy of the horizontal 
measurement is 1.206±0.012m (0.5% offset, 1% standard 
deviation). For the vertical measurement, the location of 
the reference object was found influencing the accuracy of 
the measurement and the result of the measurement can be 
improved with the use of multiple reference objects. 
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